The alpha (α)-hematite (Fe 2 O 3 ) as photoanode has been used for photoelectrochemical applications due to low bandgap, low cost, high chemical stability, nontoxicity, and abundance in nature. The doping with various transition metals, formation of nanostructured and nanocomposite of α-Fe 2 O 3 have been attempted to enrich the carrier mobility, surface kinetics and carrier diffusion properties. The manuscript is an attempt to improve the photoelectrochemical properties of α-Fe 2 O 3 by formation of nanocomposite with dichalcogenide (molybdenum disulfide (MoS 2 ) nanomaterials. The nanocomposite of MoS 2 -α-Fe 2 O 3 have been synthesized by varying the amount of MoS 2 in sol-gel synthesis process. The nanocomposite MoS 2 -α-Fe 2 O 3 materials were characterized using UV-visible, FTIR, SEM, X-ray diffraction, Raman and particle analyzer. The photoelectrochemical properties were investigated using cyclic voltammetry and chronoamperometry studies. The optical and structural properties of MoS 2 -α-Fe 2 O 3 nanocomposite have been found to be dependent on MoS 2 doping. The band gap has shifted whereas; the structure is more prominent as flower-like morphology, which is a result of doping of MoS 2 . The photocurrent is more pronounced with and without light exposition to MoS 2 -α-Fe 2 O 3 based electrode in photoelectrochemical cell. We have understood the photoelectrochemical water splitting using nanocomposite α-Fe 2 O 3 -MoS 2 through schematic representation based on experimental results. The
Introduction
Photoelectrochemical cell (PEC) produces hydrogen through splitting the water using renewable sources (i.e., the sun) [1] [2] [3] . Photoelectrochemical (PEC) cells have been used to convert solar energy to hydrogen gas by splitting water into hydrogen and oxygen, hence offering clean and renewable energy [4] .
Moreover, photoelectrochemical (PEC) has attracted attention since Honda and Fujishima utilized the first application of titanium dioxide (TiO 2 ) in 1972 [5] .
Nevertheless, the large bandgap of TiO 2 (3.1 -3.3 eV) impedes the absorption of visible light, and limits the solar-to-hydrogen efficiency to 2.2% [5] . So, it is necessary to use material that has small bandgap and easy to harvest energy from sunlight (visible light 53%) [6] . Iron oxide, bismuth vanadate, tungsten oxide, and tantalum nitride are the examples of low band gap semiconducting materials [5] . The α-Fe 2 O 3 is one of the most attractive photo-anode materials with efficiency of 16% to convert solar-to-hydrogen [5] [7] - [14] . The α-Fe 2 O 3 has been applied for photoelectrochemical applications due to low bandgap (2.1 -2.2 eV), low cost, high chemical stability, nontoxicity, and abundance in nature [5] .
However, α-Fe 2 O 3 also has several drawbacks such as shorter hole diffusion length, low conductivity, shorter life time of photoexcitation and deprived reaction kinetics of oxygen evolution in photoelectrochemical applications [15] . The doping with several metallic ions such as zinc [16] , titanium [17] [18] , molybdenum [19] , aluminum [20] , platinum [21] , silicon [22] [23] [24] , graphene [25] [ 26] , and cadmium sulfide [27] Recently, two-dimensional (2D) dichalcogenide material "molybdenum disulfide (MoS 2 )" with bandgap of 1.8 eV has been used as n-and p-types structures for photoelectrochemical studies [5] . The MoS 2 shows stimulating photocatalytic activity due to its bonding, chemical composition, doping, and nanoparticles growth on various film matrices, and has been used for hydrogen production in nanocluster structures [2] [31] [32] [33] [34] . Besides, MoS 2 has shown different applications in photocatalyst, phototransistors and sensors applications [5] . It is understood that MoS 2 could help to play an important role as the charge transfer with slow recombination of electron-hole pairs created due to photoenergy with the charge transfer rate between surface and electrons [35] . were characterized using X-ray diffraction, SEM, FTIR, Raman spectroscopy, particle analyzer, and UV-vis techniques. The cyclic voltammetry (CV) and impedance measurements were utilized to understand the electrochemical electrode/electrolyte interface and photoelectrochemical properties of MoS 2 -α-Fe 2 O 3 based nanostructures for water splitting applications.
Experimental Details

Materials
The materials iron chloride (FeCl 3 ), aluminum chloride (AlCl 3 ), sodium hydroxide (NaOH), MoS 2 , and ammonium hydroxide (NH 4 OH) were purchased from Sigma-Aldrich. The fluorine tin oxide (FTO) coated glass with resistance of ~10 Ω was also procured from Sigma-Aldrich. The centrifuged containers were purchased to clean the synthesized nanomaterials from the solution. were obtained. Figure 1 shows and 500˚C). In each case, the temperature was maintained in furnace for one hour. The materials were collected by cooling at room temperature and stored in a tight bottle for characterization as well preparation of electrodes for electrochemical and photochemical studies.
Experimental Procedure
The Film Formation of Substrate
The MoS nm. There is a blue shift as an increase of MoS 2 in α-Fe 2 O 3 [36] . However, the band observed for 0.1% MoS 2 doping is shifted at 572 nm in 5% MoS2 doping in α-Fe 2 O 3 nanomaterial. Suchresults are consistent with the result shown of transition composite metal ions [37] . The UV-vis spectra of the composite hematite have been estimated to be 2.17 eV for the band at 572 nm.
Results and Discussions
UV-Vis Studies
XRD Studies
The crystalline structure of MoS 2 -α-Fe 2 O 3 was investigated by using Powder X-ray diffraction (XRD), model PANalytical X'Pert Pro MRD system, with Cu K α radiation (wavelength = 1.5442 Å) operated at 40 kV and 40 mA. Figure 3 shows X-ray diffraction curves for different percentage of in the synthesis process for all percentage of MoS 2 in α-Fe 2 O 3 [38] . The peak at 54.1˚ is due to the presence of MoS 2 in MoS 2 -α-Fe 2 O 3 -structure.
FTIR Studies
Perkin Elmer spectrum one was utilized to study FTIR spectroscopy of various samples of MoS 2 -α-Fe 2 O 3 -nanocomposite. The MoS 2 -α-Fe 2 O 3 -nanocomposite was mixed with KBr, the pellets were made using the hydraulic press, and the samples were measured using the transmission mode from 400 to 4000 cm 
SEM Studies
The scanning electron microscopy (SEM) of various MoS 2 -α-Fe 2 O 3 samples were measured using FE-SEM, S-800, Hitachi. Figure 5 shows SEM images of 
Raman Spectroscopy
The Raman spectrum is measured which is also a rapid and nondestructive surface characterization technique to probe the vibrational properties of bonding of MoS 2 to Fe 2 O 3 in MoS 2 -α-Fe 2 O 3 nanomaterial. Figure 6 shows the Raman spectra of MoS 2 -α-Fe 2 O 3 film excited by 532 nm laser [44] . The Raman shift at 532 cm −1 resonates with the electronic transition in ring structures for aromatic clustering processes in sp 
Particle Analysis
The Zetasizer Nano particle analyzer range model was used to measure the av- dation potential of water that is less than the Aluminum-doped from our previous studies [30] .
The CV is shown in Figure 9 with application of light simulated for solar radiation. However, with the scan rate of 100 mV/sec, there was a maximum photocurrent absorbed for MoS 2 -α-Fe 2 O 3 film. The diffusion coefficient was calculated by using peak current for a reversible cyclic voltammetry is given by the Randles-Sevcik equation (Equation (2)).
( ) set-up. The change in the impedance value has been observed for real and imaginary without light irradiation as shown in Figure 11 (a) and Figure 11 (b). The photocurrent is able to make process more conducting in presence of light. Figure 12 shows the half sweep potential with and without light for both aluminum doped-α- 
Half Sweep Potential
Schematic of MoS2-α-Fe2O3 Reaction Process
A schematic was drawn to understand the effect of MoS 2 with α-Fe 2 O 3 . The schematic of hydrogen production using MoS 2 -composite α-Fe 2 O 3 photocatalyst in 1 M NaOH is shown in Figure 13 
Conclusions
The synthesized MoS 2 -α- nanomaterial. The enhanced photocurrent is observed with MoS 2 doping in MoS 2 -α-Fe 2 O 3 nanomaterial. The MoS 2 -α-Fe 2 O 3 nanomaterial thin film has the potential to produce hydrogen using a PEC water splitting process that could have renewable energy applications. Our future work is based on the use of MoS 2 -α-Fe 2 O 3 as n-type in p-n photoelectrochemical studies for efficient water splitting applications.
